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Bentley RM Bridge CAST Tool

o Skill Level: Beginner
e o RITI
e Presenter: Marcos Beier, Bentley

— Balance Cantilever Concrete

- Segmental & Post Tensioned

— Integrated control of the match:
RM CAST

=1 Bentley
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RM Bridge CAST tool
=l
1. Balance Cantilever
_ | o RITI
2. RM Bridge Solutions
3. CAST tool
=1 Bentley




Balance Cantilever

Segmental precast
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Balance Cantilever
China A.C.
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Central span suspension
UK “demo”
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Pre-Cast Balance Cantilever
Fort Lauderdale
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Motivation

e Advantages of Pre-casting:
— Better quality due to production in controlled environment
- Less formwork needed
- Less invasive (disturbance of traffic, environmental, ...)
— Accelerated construction time
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Precast Segment
Pier table segment
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Bentley Bridge RM - GP
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RM Bridge

Problems we face and Solutions we provide
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Segmental BCB in Bentley RM
Bridge

Problems we face Solutions we provide
o PT e Cantilever Tool

o C&S e Pre-camber

e Camber

e Optimal Solution? e ADDCON

e Onsite control e Cast TOOL

e Precast factory control e Erection Control

=1 Bentley
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RM Bridge Cantilever TOOL

e e e
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Cross Section Definition of Tendon
Points
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RM Cantilever TOOL




Cycle of construction stage

Balanced Cantilever Method basic concepts

Traveller

. U
et Concrete l
j y =25 kN/m3
Step 1 _ X %% I ‘ Step 3
e.g. 2 days instead of 7!!! ) l

Traveller

Prestressing

4—

|
! Step 6 | =" ‘ Step5 | = ‘ Step 4
1
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Tendon Geometry
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Creep and Shrinkage

e Creep:
- €. = plastic strain due to creep
- g, = elastic strain due to permanent load

- (p = creep factor

e Global parameters such as quality of concrete, , environment (humidity,
temperature,...)

e Section properties
e Age of concrete
e |Load application date when using CEB-

e Shrinkage:

— Total plastic strain consists of creep + s
e Global parameters and section properties, simil
e Age of concrete

£, =& t&

S

=3 Bentley




Integral Equation

Dt N+ =20 @ dr+ £,

#(2) = E or

o)
E

z""- A\ a .
/ Averaging and

/ g, — linearisation according
to “finite differences”

Wy W, _~ theory

t, Creep curve ‘a’ for applied load (de-

1o t, /} composed into increments)

------------- Paz 2 Creep curve ‘b’ for stress increment
occurring during time interval (construction
Po2 stage) under consideration

v
Ve

24
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010 + e o0 4
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Cantilever Camber and Position
Camber Line Summation Loadcase (SUMLC) @ - (-1)
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Cantilever with 5 steps

e Fabrication shape
e Camber

10
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3-Span Bridge Camber Line

s ¢ ¢ 1 ¢ !

o IR e,

=3 Bentley




.
ADDCON: Optimization

e Preparing a structural model

e Definition of

o - Loads
o - Construction schedule
o - Corresponding ADDCON constraints

e Design criteria can be checked

e Optimisation can be started

=1 Bentley



Constraints

e Deformation of any point on the structure

e One of the internal forces at any point on the
structure

e Stress at any cross-section at any point on the
structure

e Every constraint can be defined as a range of
values

= Bentley




Optimization of the Cable Forces

T1, T2, T9 Unitload cases (T1-T8 plus jacking)

and unknowns (3 1-X9) oy
T1=1¢41) 2=1(4 20 T3=1i3 4=1044 TE=105 TE=1(+E Tr=104 Ta=1{x8)
i "%B*' g ‘é g i é i" ? Jacking=1 (X9}

A B, .| Location for prescribed moments (right side of nodes)

CONSTRUCTION STAGES:

A AR AR 3N s Ssw

..Iau::kmg =1(x9)

51 CE52 CE3 CS-'Jr CE53
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AddCon Method

e Provides a solution for finding the optimal
tensioning strategy for the construction of cable-
stayed bridges

e Include non-linear structural behaviour and time-
dependent effects

e Computes the correct tensioning forces for the
stay cables which lead exactly to a predetermined
moment distribution and also to the intended
geometry

= Bentley




Choosing Constraints

— Defined boundary condition

PN
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After optimisation

— Defined boundary condition
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RM Bridge Erection Control

construction of bridge:
— Current position should be taken into account

fabrication shapes

permanent loads
X

choice of erections situations

e Expected position is not achieved during the

e Compensation is made with pre-camber and

optimization of internal forces under

= Bentley




e
Solution ﬂ

o deformed structure is the start position:
— full account of location in space is taken into account

- implemented procedure is repeated interactively until
convergence criteria

e fabrication shape is applied as loading:
— control and optimization of forces and displacements

e kink correction for structural assembly:

— control or simulation of construction in face-to-face
connections

e kink correction for structural assembly:

— control or simulation of construction in face-to-face
connections

novel solution: based on displacement constraints
= Bentley




Fabrication Shape

e Definition of the bridge segment stress free
geometry WITHOUT rigid body part

e There is only one fabrication shape per bridge
segment

=3 Bentley



Kink Correction

e How does it work?

§Node . 5Element

%)
I

corr

N

Iteration

TN
|
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RM CAST Tool

In Factory: control points
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Short Line Match Casting

ldea of Short Line Match Casting

1. Perfect match at segment joints

=1 Bentley
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Short Line Match Casting

Casting sequence

Casting direction

~ G@Girder line
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Bentley Bridge RM - GP
Geometric
Preprocessor
a 3 A D
i X M)
() < -
- h Q
9
O
OOQ
-
QO
=1 Bentley




Short Line
Match Casting

Casting sequence

MOLD BOTTOMS

BLANK END

AT |

CONJUGATE UNIT

TO STORAGE

2
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Short Line Match Casting

¢

g

ELEVATION TRANSVERSE SECTION

STRAIGHT BRIDGE

PLAN VIEW

=1 Bentley



Preparation in GP
Definitions for
= Rivet positions
= Segmentation
= Casting sequence
T 1
) SO B ) _;_IA ________ Lo, 1 1 . 1
ﬁﬁéﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁéjﬁﬁ%:::g $1 1 i 1
= Four geometry points
«  Namel(co) center, offset
« Name2(el), Name3(el) elevation,
lentgh =3 Bentley
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Short Line Match Casting

Measuring the segments

Geometrical Survey System Layout

z
Fixed bulkhead

Elevation
Benchmark @

= Aluminium bolts for elevation
and length

= Horizontal stirrups

Hi } m
A

X
Surveyor's Level U sikie viad
Thenodrnlite Rivets positions
W/C M/C -_— ]
— i
| BL BH | BR
—m— Special Benchmarks For Alignement Control
[P FR
: . _z aft = ottt
= Distance from joint (a, c) L
W + W

» Distance from centerline (W)
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Short Line Match Casting

TYPICAL PAIR OF SEGMENTS

STARTER SEGMENT

Floating Bulkhead Side

.“1 s
s W
.J—l—a—'é‘—\-\.
- T [Eﬁect of Curvature in Plane ] 0
4 e
WAC
90° 90° MiC
- Z T "ﬁ T o~z ] T L'A t
Fixed Bulkhead Side |
WiC
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Short Line Match Casting

Casting sequence

R R 0 D PO PR IO 00 S T N AW e ey o d

NiGiE e _ELEVATION TRANSVERSE SECTION

BLANK END TO STORAGE
ot |

CONJUGATE UNIT

STRAIGHT BRIDGE

PLAN VIEW

= Bentley




5
Short Line Match Casting

Casting sequence

ELEVATION TRANSVERSE SECTION

Po Al

: BRIDGE _WITH : BRIDGE WITH
| C— s VERTICAL _CURVE | HORIZONTAL CURVE

_PLAN VIEW PLAN VIEW
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Angle Break at Jaint

¥

(Eﬁect of Longitudinal Pmﬂlej
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Effect of a Variable
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eometry coordinates

ECASTING CELL REFERENCE SYSTEM

X

Fixed bulkhead

OXZ = Herizontal Plane
0Z = Segment Axis
oY = Vertical

=1 Bentley







Preparation in GP
Definitions for
= Rivet positions
= Segmentation
= Casting sequence
T 1
) SO B ) _;_IA ________ Lo, 1 1 . 1
ﬁﬁéﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁéjﬁﬁ%:::g $1 1 i 1
= Four geometry points
«  Namel(co) center, offset
« Name2(el), Name3(el) elevation,
lentgh =3 Bentley
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Preparation in GP

| Elements in Segment "Bridge"

Definitions for T

. o Na. Station Length Cross Sectio ok Segmentation Duir. Input Length
m R | gy | Sthen L Eneh | s ceclogf| o) Deameneon | OF | MRmiendh | comeusiec EnaTN
Ivet p O S I tl O n S o l.......poooo . 50000Deck 4 | o Bee s ] 50000 5.0000
. E B 0000 Deck + " Intermediate 5+
| Seg men t at| on = 3 10.0000 5.0000 Deck + Interrmediate 5+
4 15.0000 5.0000 Deck + Intermediate 5+
- E 5 20.0000 5.0000 Deck + Intermediate 5+
= Casting sequence : B
l 7 300000 5.0000 Deck + Intermediate 5=
— i 35.0000 5.0000 Deck + Intermediate 5=
9 40.0000 5.0000 Deck + Intermediate =
— 10 45.0000 5.0000 Deck + Intermediate 5=
b= IEEE 50.0000 5.0000 Deck + Start 5
> |
E Edit Segment Elements
I~ Wodify cross section Fram element. |1 [<<

z‘ To element: 1 ﬂ [se]
Step: 1 All botions | Offsets | ‘

Fode Rumbers \A

1101 1102

Composite Pars Beam haterial

v Modify segmentation length Length [m]: 5.0000

fv Absolute " Relatve

¥ Modify segmentation type W ddodity segmentation direction:

+ Start + Ascending
" Descending

" Intermediate

= Casting direction
= Segment type
—ee || w Segment length

™ Closure




RM2006 - GP

=
o 1o I = - PR [ T I [ BN | o Frofessionat Engieering Softwars JRTE [ P i o
<«<| &3 c888GE|[ i Navigation | [3D view of All Segments o[> =
» Fast Recalculation L}J
*¢ Recalc- Evaluate Formulas 'E|'J
f.. Ground plan z |
t 3D-Paints %
- AoxEs Lsl
- HT_Achse I_?]
= Ground plan list —
= Elewation graphic =l
= Elesvation list ﬁ

- Cross Sections
T HT_QSs
™ Pfahlkopf
™ Stitz0s_1

-yt Segments
wr HT

1 Fierl_h
1 pierl_t
1 pierZ_h
1 pierd_t
% Cross Members
Cables

E

SM:

v
-

* Mowe

& ZDDm| 2 Botate

Axis: HT _Achse segment: HT Cross section: HT_QS
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5
Preparation in RM

* Preparation following the principles of camber calculation
* Final export to RMCast with module “DoCast”

_|_|_|_|_|E_lﬂé| e

pD

u?;mfznua
070172008
07/01/2008
07/01/2008
070172008
07/01/2008

Cutl Cute Delta-T Time -

Ok DoCamber = N 00 00 1
(0] DoCamber  * camher-posxls 0.a 0.0
2k, DoCamber  end Camber.Camber  * n.n 0.0

Ol DoCast Cast rmcast-ex.cast * n.o 0.0 i |

W

Elements for casting are define in RM-Set:
= First element must be starter [ogec  con Col2 Col3 Col4 Col5 ]

" Side where next element jOiNS e ——————

must be given ELEM 1111 110?

MNODE 1101 1112 'I

= Bentley
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RM Cast

RM Cast is atool to help casting segments in the casting yard.
Small inaccuracies which may occur during casting can be
corrected and the setup of other segments is changed.

E# RM2006 1.26.02 - RMcast Segmenting / Geometry Control, Copyright (c) TDV 2006 =1 5<|

File Extras Help?

General Modes | Segments | Contral lines | Process |
. ~
Offset Elewation [ ]

Project name:  |Uknown Date created:  |04.03.2008 (_:_EESt_”_]_g?_e_t _____________________________ 3
o ULEFT o.ooooo 1.50000;
Bridge name:  |Jknown Lastchanged: |04.03.2008 URIGHT 0.05000 1.50000
Info 1: [v]
Iifim 2 Selected casting set as active |

Harizontal wiew:
Segment: 1101
BEG

“iew in direction of casting:
Segment: 1101

= A= el ] oy W = ok e 8 - [P e ,
~’MDV9|~\ Zoc 4 | »| \l \l \l \l ;\lw\l o T A % &

Project: Uknown | Bridge: Uknown | Active casting set: ULEFT | DiwivarkiPrecast Segmentalitestlrmoast-ex.cast

= Bentley




RM Cast

t1101

Typical casting steps:

= Setup match cast segment

= Setup wet cast rivets/stirrups
= Pour segment

= Survey rivets/stirrups

. Elevation [1.50000 |
= Correct casting curve

Elenation

Elewation
Elewvation

Date: 06.03.2008
Beg
Elewvation |1.50241
Elgvation |1.50000
End
Bagyin
Elevation |1-50000
Offset,  |0.00000 Elewvation |1.50000
End
Offset,  |0.00000 Elewvation |1.50000
Fixed bulkhsad

I:l Setup bulkhead Setup rivets Survey Prewiew Finish |

st v Simplified frame @ Cancel |

¥ Include elewvation

73 Bentley
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RM Cast

Report generation

Project: Uknown
Bridge: Uknown

Date: 06.03.2008

Wet-cast segment: 1104

Match-cast segment: 1103

Ifatch-cast

TL Begin

Offset: 270000
Elevation: 1.5003%

TL End

Offset:  2.70000
Elevation: 1.50000
Length:  4.959%8

W et-cast

UL Begin

Offzet: 270000
Elevation: 1.50000
Length: 4.999%8

TL End

Cffset: 270000
Elevation: 1.50000
Length:  0.00000

Fized bulkhead

L
Offset;  2.70000
Elevation: 0.00000

CL Begm
Offzet:  0.00000
Elewation: 1.50039

CL End

Offset: 0.00000
Elevation: 1.50000
Length:  4.39398

CL Begin

Offzet:  0.00000
Elewation: 1.50000
Length:  4.99998

CL End

Offzet: 000000
Elevation: 1.50000
Length:  0.00000

CL
Offset:  0.00000
Elevation: 0.00000

TR Begin
Offzet:  -2.70000
Elevation: 1.5003%

TE End

Offset:  -2.70000
Elevation: 1.50000
Length:  4.959%8

TE Begin

Offzet:  -2.70000
Elevation: 1.50000
Length: 4.999%8

TR End

COffset: -2.70000
Elevation: 1.50000
Length:  0.00000

TE.
Offset;  -2.70000
Elevation: 0.00000

= Bentley




Prepare starting segment

Emt Process .

Starting segment 101 and floating bulkhead setup Date: 18/10/2007
Floating bulkhead

Elesvation [-0.00000
= Elevation

Length:

Elesvation |0

Fixed bulkhead

v Simplified frame Cancel |

| casted!

=1 Bentley




Survey segment

e Survey rivets after casting segment

Starter Segment Readings

YLIO XM

YRIO

4{\——_ +
XBH

SR
ABL SL XBR —

#
- : YRI1

b, = Ylﬁlq = Fix or Floating Bulkhead elevation marks

=1 Bentley



riting surveyed values

Emt Process 5'

Surveying starting segment 101 and floating bulkheacd Diate: 18/10/2007

floating bulkhead

Elewation

Elewvation

Elewvation

Length: 0.00000
- |3.63508

-

Elevaion[

Fixed bulkhead

Apphy v Perect cast

¥ Simplified frame Cancel

=1 Bentley




e RM-cast will then
correct the
coordinates of
next segments
depending on the
errors in
surveyed
segment.

& Edit Segment Elements

w

[ iModify cross section;

[ hodifty station A

v hodity segmentation length

v bdodity segmentation type
" Stan
T Intermediate
¢ Closure

" Mone

Eointwise

Fram element: |11 |«
Tao element: |11 >
Step: |1 All

-

Length [m]:  |1.0000

{7 Ahsolute (« RFelathve

v bdodity segmentation direction

f« Ascending
I Descending

(0] Cancel

= Bentley




repare match-cast segment

fl e+ Process x|
|

Typical segment 102 and maich cast segment 101 setup Diate: 18/10/2007

Begin

End

Begin

Elevatn

Fixcd bulkhoad

| | casted! Print ¥ Simplified frame Cancel

= Bentley




Survey segment

Match Cast Segment Readings

=1 Bentley




riting surveyed values

rmt Process x|

Surveying starting segment 102 and match-cast segment 101 Diate: 18/10/2007

Begin

Elewvation 00000
-0.14992
374583

Elewvation 000000

Elenvation | 0

Fixcd bulkhoad

Zaply W Ferfect cast

¥ Simplified frame Cancel

=1 Bentley




e Repeat this procedure until you complete whole
casting set.

Model Data
: Geometric Modeling Structural Analysis !
Design sketches g Design parameters
smm P um
Feedback Casting Curve

Camber

Precasting

l!—' ~C‘_a;:_.t : _‘

As-cast Camber lines
Segments




Bentley RM Bridge
CAST Tool

Conclusions

=1 Bentley




RM 3D structural model

bridge over the Kanawha River

(Courtesy of Finley Engineering Group, Inc.)
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RM Bridge CAST tool

| |
B RIT]
e Balance Cantilever + ABC = Segmental
e Bentley RM Bridge solutions

- PT, C&S, camber, onsite and shape factory control
— Cantilever, Pre-camber, ADDCON and Erection Control

e RM Bridge CAST tool
- updating analysis
— connecting site modifications to design

=1 Bentley



Kanawha River
West Virginia
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RM Bridge & BrIM Benefits

e Bentley BrIM vision
e A RITl
e Bentley portfolio

e Enhanced GUI
e Intuitive cast-by-cast calculation
e One tool for all

=1 Bentley






Bentley RM Bridge
Introducing CAST Tool

Questions

=1 Bentley
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